The authors evaluated the relation between adequacy of prenatal care and risk of delivery of full term smallfor-gestational-age (SGA) infants. Data were derived from maternally linked birth certificates for 6,325 AfricanAmerican women whose first two pregnancies ended in singleton, full term live births in Georgia from 1989 through 1992. The authors used stratified analysis to assess the effect of prenatal care on the risk of having an SGA baby in the second pregnancy among women with and without an SGA baby in their first pregnancy. The group of women with a history of SGA birth may be more likely to include persons for whom SGA delivery is related to factors, such as genetics, that are not amenable to intervention by prenatal care. Inadequate prenatal care was not associated with the risk of SGA delivery among women who had previously delivered an SGA baby. In unadjusted analyses, inadequate prenatal care was associated with an increased riskof delivering a full term SGA baby in the second pregnancy among women whose first baby was not SGA (risk ratio = 1.28; 95% confidence interval: 1.05, 1.55). The association did not persist when data were adjusted for confounding variables (odds ratio = 1.11; 95% confidence interval: 0.89, 1.38). Regardless of outcome in the first pregnancy, adequate prenatal care did not reduce the risk of full term SGA birth among second pregnancies in this population. Am J Epidemiol 1999; 150:706-13. blacks; infant, small for gestational age; prenatal care
Babies with birth weights less than the 10th percentile for gestational age are considered small for gestational age (SGA) and are at risk of increased morbidity and mortality (1) . However, being small at delivery is likely to affect health primarily if the infant's in utero growth was retarded in some way. Thus, classification of infants as SGA may be inadequate to identify those infants at risk, since a subgroup of SGA infants have achieved their growth potential but are smaller than most other children.
Smoking, insufficient weight gain, and hypertensive disease have all been linked to SGA delivery (2, 3) . The risk of SGA delivery is generally higher in the first pregnancy than in subsequent pregnancies. However, the risk of SGA delivery in a second pregnancy depends in part on the outcome of the first pregnancy.
Women with a history of delivering an SGA baby are at higher risk of delivering SGA babies in subsequent pregnancies (4) . Furthermore, the etiology of SGA birth is likely to differ between women who deliver SGA babies in consecutive pregnancies and those who deliver only a single SGA infant (4, 5) , since genetics are more likely to play a role in repeated SGA deliveries. Both low socioeconomic status (4) and weight loss during pregnancy (5) have also been associated with repeated SGA deliveries. In contrast, obstetric complications (5) have been associated with isolated cases of SGA delivery. Smoking has been associated with delivery of SGA babies among women with and without histories of a previous SGA baby (5) .
Most prenatal care includes interventions designed to address some of the best known risk factors for SGA birth: smoking, hypertensive disease, insufficient weight gain, and obstetric complications during pregnancy. Although some researchers have questioned the ability of prenatal care to prevent SGA delivery (6) , others have found that prenatal care is associated with a reduction in SGA births, having the greatest effect among babies born at 40-42 weeks' gestation (7) .
We decided to investigate this further, and to see whether the effect of prenatal care on the risk of SGA delivery might depend on whether or not the woman's previous child was SGA. We hypothesized that prena-tal care might be better able to prevent SGA delivery in a mother whose previous infant was of average size, since this group would be less likely to include infants who were genetically programmed to be small, as contrasted with a mother who had already delivered a small infant. We restricted our analysis to AfricanAmerican women, since they are at high risk of both receiving inadequate prenatal care (8) and having an SGA delivery (9) .
MATERIALS AND METHODS
Data for this analysis were taken from a maternally longitudinally Linked data set created from vital registration data in Georgia. Details on the Linking method used and evaluation of the Linkage of this data set are provided elsewhere (10, 11) . Briefly, certificates of all fetal deaths and live births to women who delivered in Georgia between L980 and 1992 were linked, creating a chronologic chain of reproductive events. Fetal deaths, Live births, and stillbirths were included in this chain, but induced abortions and ectopic pregnancies were not. From these data, we identified 40,255 African-American women whose first pregnancy ended in a full term (gestational ages 37-42 weeks) singleton live birth between 1989 and 1992. We limited the data set to births from this period because the Georgia birth certificate was revised in 1989 to include a clinical estimate of gestational age, as well as information on smoking and weight gain. In addition, by choosing only births occurring within this 4-year period, we minimized possible secular trends in either the use of prenatal care or the risk of having an SGA baby. We further limited the sample to women (n = 6,965) whose second pregnancies also ended in a full term singleton live birth within this same time interval.
We Limited the analysis to full term births because we believe that gestational age is less likely to be misclassified for full term babies than for preterm or postterm babies (12) (13) (14) . Furthermore, etiologies and interventions for preterm SGA infants are likely to be different from those for full term SGA infants. We excluded fetal losses because of difficulties in accurately defining gestational age at death, as opposed to age at delivery. Additionally, we focused the analyses on singleton births because fetal growth curves have been more accurately defined for singleton births than for multiple births.
Gestational age was defined using the clinical estimate of gestational age. We believe the clinical estimate of gestational age to be more accurate than gestational age estimated according to the date of the last menstrual period, because it resulted here in fewer infants with a biologically implausible gestational age (>45 weeks) or birth weight for gestational age. We excluded women for whom the estimate of gestational age was missing (n = 245).
The adequacy of prenatal care was determined by the month of the first prenatal visit and by the reported number of prenatal visits. The expected number of prenatal visits was determined by following the visit schedule recommended by the American College of Obstetrics and Gynecology (15) , and was adjusted for length of gestation (as reported by the clinical estimate of gestational age on the birth certificate). For women who entered prenatal care within the first 3 months of gestation, the expected number of visits was calculated as if care had been initiated at 12 weeks. For women who initiated care during the fourth month of gestation, the expected number of visits was calculated assuming initiation at 17 weeks' gestation. Women were classified as receiving inadequate prenatal care if they did not receive prenatal care, if they initiated care after the fourth month of pregnancy, if they initiated care during the fourth month of pregnancy and missed one or more visits, or if they initiated care during the first 3 months of pregnancy and missed two or more visits. The adequacy of prenatal care was considered to be unknown if either the month of initiation or the number of prenatal visits was unknown. We excluded women from the analysis if the category of prenatal care was unknown for either pregnancy (n = 395). The sensitivity and specificity of birth certificate information to identify women who received inadequate care, as we defined it, have been estimated to exceed 82 percent and 88 percent, respectively (16) .
We defined SGA birth as a birth weight below the gender-and gestational-age-specific 10th percentile for singleton live births to African-American women in Georgia from 1989 through 1992.
In the analysis, we included a number of covariates that have been related to the risk of SGA delivery. Data on maternal age, weight gain, hypertension, and smoking status were abstracted directly from the birth certificates. Women who resided in counties other than those identified with Metropolitan Statistical Area codes as of June 30, 1993 (17) , were considered to have rural residence.
We created a dichotomous variable, adequacy of educational level, that considered whether a woman had completed the number of years of education that would have been expected for a woman of her age. Women were categorized as having either less than the expected years of education or at least the expected years of education. Girls who were 11 years of age were expected to have completed at least 4 years of education. The expected educational level increased by 1 year for each additional year of age until the age of 19 years. Women who were aged 19 years or older were expected to have completed at least 12 years of education.
Marital status is frequently used as an indicator for social support in pregnancy. However, unmarried African-American women may receive social support from the baby's father. In Georgia, if a mother is unmarried, the father must give written consent to have his name appear on the birth certificate. Thus, we used the presence of a named father on the birth certificate as a proxy for paternal support.
We used SAS software (release 6.08; SAS Institute, Cary, North Carolina) to estimate Mantel-Haenszel risk ratios and test-based 95 percent confidence intervals and to fit logistic regression models in all analyses. The level of statistical significance was set at less than 0.05 (two-sided). Risk ratios for SGA delivery in the second pregnancy were calculated within strata defined by the outcome of the first birth (SGA or non-SGA), by the adequacy of prenatal care in the first pregnancy, and by levels of the other covariates.
Adjusted risk ratios were obtained by individually controlling for the covariates related to SGA delivery. Logistic regression was used to obtain unadjusted odds ratios and adjusted odds ratios, simultaneously adjusting for those covariates identified as possible confounders. In cohort studies such as these, the increased risk of an outcome associated with an exposure is best described by the risk ratio. Although the prevalence of our outcome of interest exceeded 10 percent for some analyses, because the risk ratios were so close to 1.0, the odds ratios derived from logistic regression estimated them reasonably well (18) .
RESULTS
To assess the representativeness of the study sample, we compared women included in the analysis (n = 6,325) with all African-American women who delivered their first child at term in Georgia between 1989 and 1992 (n = 40,255). Women included in this study were more likely to have first given birth in 1989 or 1990, to be younger at the time of their first birth, to have less than the expected amount of education for their age, to not have named the baby's father on the birth certificate, to be unmarried, to live in a rural area, to have gained less than 25 pounds (11.4 kg) during pregnancy, and to have received inadequate prenatal care during the first pregnancy than all AfricanAmerican women who delivered their first babies at term in 1989-1992 (table 1) . No differences were observed in the prevalence of smoking, hypertensive disease, or SGA birth.
Among the 6,325 women included in the study, 687 (10.9 percent) delivered a full term SGA baby in their first birth and 525 (8.3 percent) delivered a full term SGA baby in their second birth. Delivering an SGA baby in the first birth strongly predicted having an SGA baby in the second birth (19.9 percent for an SGA first birth vs. 6.9 percent for a non-SGA first birth; crude risk ratio = 2.90 (95 percent confidence interval (CI): 2.43, 3.46)).
A large number of women received inadequate prenatal care: 2,899 (46 percent) in the first pregnancy and 3,260 (52 percent) in the second pregnancy.
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Receiving inadequate prenatal care in the first pregnancy was a weak predictor of delivering an SGA baby in both the first pregnancy (11.6 percent (inadequate care) vs. 10.2 percent (adequate care); crude risk ratio = 1.14 (95 percent CI: 0.99, 1.31)) and the second pregnancy (9.1 percent vs. 7.5 percent; crude risk ratio = 1.22 (95 percent CI: 1.03, 1.43)).
The influence of prenatal care on the risk of SGA delivery in the second pregnancy appeared to be limited to those women whose firstborn child was not SGA (7.7 percent (inadequate care) vs. 6.0 percent (adequate care); risk ratio = 1.28 (95 percent CI: 1.05, 1.55)) (table 2). Among women who had an SGA baby in their first birth, women who received inadequate The difference in the effect of prenatal care on risk of delivering an SGA baby between women whose firstborn child was SGA and those whose firstborn was not SGA remained for the second birth, even when the adequacy of prenatal care received in the first pregnancy was considered (table 3) . Among the 5,638 women whose first infant was not SGA, those who received inadequate care in their second pregnancy were more likely to deliver an SGA baby than were women who received adequate care in their second pregnancy, regardless of whether they had received inadequate care in the first pregnancy (risk ratio = 1.26 (95 percent CI: 0.97, 1.62) among those with adequate care in the first pregnancy; risk ratio = 1.44 (95 percent CI: 1.04, 1.98) among those with inadequate care in the first pregnancy). We compared the prevalence of SGA birth among women with non-SGA infants in their first birth and with various combinations of prenatal care during their two pregnancies. The prevalence of SGA birth was lower among women who received inadequate prenatal care in the first pregnancy and adequate care in the second (5.1 percent) than among women who received adequate care in the first pregnancy and inadequate care in the second (8.1 percent) (p < 0.01). No statistically significant differences were found among comparisons of the other strata (all p's > 0.2).
Among the 687 women whose firstborn child was SGA, the risk of delivering a second SGA baby was not affected by receiving inadequate prenatal care in the second pregnancy, regardless of the adequacy of prenatal care women had received in their first pregnancy. No statistically significant differences in SGA prevalence were found when strata of these 687 women with various combinations of prenatal care in their first and second pregnancies were compared (allp's > 0.5).
The risk estimates for the effect of inadequate prenatal care on risk of having an SGA baby in the second birth were individually adjusted for maternal age at the second birth and for educational attainment, birth father's name on the birth certificates, smoking, pregnancy weight gain, and hypertensive disease in the first and second pregnancies. Among women whose first baby was non-SGA, three covariates seemed to confound and reduce the association between prenatal care and SGA delivery: maternal age at the second birth, presence or absence of paternal information on the birth certificates, and marital status at each birth. Among women who had an SGA baby in the first birth, the only covariate that seemed to confound the relation between prenatal care and risk of SGA delivery in the second birth was the presence or absence of paternal information on the birth certificates (table 4) . Control for this variable, however, did not change the conclusion that there was no association.
For women whose first baby was non-SGA, the crude odds ratio from logistic regression was 1.30 (95 CI:
1.05,1.60). Adjustment for maternal age, father's name, and marital status reduced the odds ratio to 1.11 (95 percent CI: 0.89, 1.38) and removed the association.
DISCUSSION
We conclude that in this study, regardless of the presence or absence of SGA birth in the first pregnancy, inadequate prenatal care was not associated with full term SGA birth in the second pregnancy. There are at least four possible explanations for this negative result: 1) that prenatal care, no matter how good, will not reduce intrauterine growth retardation; 2) that prenatal care can reduce intrauterine growth retardation, but the interventions that are included are not as effective as they could be; 3) that prenatal care may not be achieving its maximum benefit because some women do not receive the full complement of interventions; and 4) that we did not find an effect of prenatal care because of limitations in our study design. Attempts to document the ability of prenatal interventions to increase birth weight have been disappointing. While smoking cessation programs have reported mixed results in reducing smoking among women who initiate prenatal care as smokers, few studies have examined their effect on birth weight (19) . Nutritional supplementation programs have had minimal effect on increasing birth weight among women in Unadjusted risk ratio Adjusted risk ratio Adjusted for maternal age at second birth Adjusted for maternal educational level in each pregnancy Adjusted for birth father's name on the birth certificate in each pregnancy Adjusted for marital status in each pregnancy Adjusted for maternal smoking in each pregnancy Adjusted for maternal weight gain in each pregnancyt Adjusted for maternal hypertensive disease in each pregnancy
• The study was limited to women whose first two pregnancies resulted in singleton full term (37-42 weeks) live births.
t Missing data on weight gain was included as a category. developed countries (20) , and treatment of hypertensive disease also does not seem to decrease the incidence of SGA birth (1). Evidence from randomized controlled trials suggests that smoking cessation programs and nutrition counseling and supplementation programs increase birth weights by only 30-90 g (21) . Although more than 92 percent of African-American women interviewed in the 1988 National Maternal and Baby Health Survey (22) reported receiving advice on taking vitamins and eating proper foods during pregnancy, only 64 percent reported receiving advice about smoking and only 70 percent reported receiving advice about how much weight to gain during pregnancy. Overall, only 29 percent of the African-American women interviewed reported receiving advice in all seven areas studied (taking vitamins, eating proper food, breastfeeding, alcohol cessation, smoking cessation, illicit drug cessation, and weight gain). The percentages were not much higher among White women (22) .
This study had two major strengths. One was the availability of data on a large number of AfricanAmerican women, which permitted an analysis of this high risk population. Furthermore, use of birth certificates as a sampling frame provided a population-based study group. Although other studies have examined the association between prenatal care and low birth weight among inner city African-American women (23) (24) (25) , this is the first study to have examined the delivery of SGA babies as a specific outcome of interest in a broad geographic cohort of African-American women.
A second strength was the use of longitudinally linked data. This allowed us to evaluate the extent to which prenatal care affects the risk of delivering a full term SGA baby in sequential pregnancies. Other international longitudinal studies have examined the risk of recurrent SGA deliveries but not the effect of prenatal care on this risk (4, 5) . We have been able to identify only one longitudinal study of birth weight from the United States that included prenatal care in the analysis. That study focused on low birth weight (<2,500 g) in the second birth among White women in Washington State. It showed no association of low birth weight with prenatal care after controlling for birth weight in the first birth (26) . We believe that our study is the first to have examined the effect of prenatal care on risk of delivering a full term SGA baby in the second pregnancy while stratifying women by SGA outcome and prenatal care in the first pregnancy.
Three limitations of this analysis should be recognized. First, to take advantage of the revised Georgia birth certificate, we selected for analysis women whose first two pregnancies ended as singleton full term live births from 1989 through 1992. We did not include women who had multiple gestations, fetal deaths, or preterm or postterm babies in either the first or the second pregnancy; women who may have given birth for the second time after 1992; women who may have resided outside of Georgia for one of their first two births; and women who were not linked in the data set. We recognize that our study population may not accurately represent all African-American women whose first deliveries occurred during this time period. However, the percentage of SGA babies did not differ significantly between women in the study population (10.9 percent) and all African-American women whose first pregnancies ended in singleton full term live births in Georgia during the same period (11.2 percent). Although the study population included some women with short interpregnancy intervals, other analyses have not found an association between short intervals and SGA birth (4, 27, 28) .
The second limitation concerns the limited availability and accuracy of the information included on the birth certificate. Vital registration data, while providing the most complete sampling frame for this type of analysis, does not provide information on all possible confounders, including socioeconomic status. The accuracy of information on both gestational age and prenatal care has been questioned (13, 29) . In most analyses of this type, the accuracy of gestational age determination will affect not only whether infants are considered SGA but also the expected number of prenatal visits used to determine level of utilization of prenatal care. The sensitivity and positive predictive value of gestational age calculated from the last menstrual period are estimated to be approximately 92 percent and 95 percent, respectively, among full term infants, defined as those with 37-41 weeks' gestation as determined by early second trimester ultrasound (13) . A clinical estimate of gestational age was added to the Georgia birth certificate in 1989 to increase the accuracy of the assessment of the infant's gestational age. The question of which estimate of gestational age is more accurate is still a matter for discussion (30) .
Information on prenatal care that is available on the birth certificate has been used to develop various indices of prenatal care, using the American College of Obstetricians and Gynecologists' schedule: the Kessner index (31), the Graduated Prenatal Care Utilization Index (32) , and the Adequacy of Prenatal Care Utilization Index (33) . These three indices group prenatal care into 3-6 categories. A number of studies have compared these indices. Not surprisingly, the studies found that classification of women using the various indices resulted in different patterns of prenatal care use (34) (35) (36) . We were particularly concerned about the sensitivity and specificity of the definitions of the classifications using birth certificate informa-tion, and were unable to document any assessment of the multiple-level indices in this regard.
We developed our own dichotomous index, similar to the Adequacy of Prenatal Care Utilization Index but using a higher threshold for number of visits needed to define adequate care. We felt that this dichotomous index defined adequacy of care in a way to adequately test our hypothesis, while allowing us to estimate sensitivity and specificity (16) . In our classification scheme, women with more than the recommended number of prenatal visits, possibly because of pregnancy complications, would be included in the adequate care group, but their inclusion would be expected to underestimate rather than overestimate the magnitude of the association between prenatal care and risk of SGA delivery. Additionally, although data concerning prenatal care and SGA status may be misclassified, we know of no reason to suspect that such misclassification differs by SGA status. Thus, it is possible that we may have failed to observe a true association.
The third limitation, applicable to any classification scheme that uses birth certificate data, is the inability to account for the distribution of prenatal visits over a pregnancy, the content of the prenatal care provided, and any changes in the women's behaviors resulting from prenatal care (e.g., changes in smoking). This seems to be crucial for a better understanding of the effect of prenatal care on pregnancy outcomes, and we join other investigators who have called for this (37, 38) .
As with all observational studies, the problem of serf-selection of women into prenatal care remains. The World Health Organization is evaluating a new prenatal care program in an antenatal randomized controlled trial currently being conducted in four countries (39) . This model was designed to include only those tests, clinical practices, and follow-up actions which have been demonstrated to be effective in improving maternal and newborn health outcomes, including the rate of intrauterine growth retardation. The interventions have been strategically placed into a schedule of a reduced number of visits. The results of this trial will provide us with a clearer understanding of the effects of prenatal care on the outcome of pregnancy.
